INTRODUCTION
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phytoplankton composition may ultimately impact a region's response to seasonal or climatological changes (Karl 1999) and can lead to wide-scale changes in food web structure (Boyd & Newton 1999) . Because of the importance of the South Pacific Ocean to estimates of global production and carbon budgets, determining phytoplankton taxonomic distributions and primary production rates are key to understanding various global biogeochemical processes. In the coming decades, global climate change processes may well cause a shift to occur in phytoplankton species composition in the Pacific Ocean (e.g. Karl 1999) . Our ability to recognize the biogeochemical changes that will ensue following algal population shifts is dependent on our prior knowledge of the ecosystem.
As part of the NOAA-sponsored World Ocean Circulation Experiment (WOCE) and Joint Global Ocean Flux Study (JGOFS), we investigated phytoplankton composition in the South Pacific Ocean from 67°S to the Equator along 170°W. Along this transect existed a variety of oceanic ecosystems with wide variations in physical and chemical properties. During winter, deepmixing events replenish these properties in the surface mixed layer, while in spring and summer the absolute quantities are governed by physical, chemical, and biological interactions including vertical turbulent diffusion of nutrients from deep water. In the Antarctic Circumpolar Current (ACC), summer mixed-layer depths are relatively shallower, nutrient concentrations are greater, and temperatures are considerably lower than in subtropical and tropical regions, and, not unexpectedly, the phytoplankton assemblage in the ACC is distinct from those further north (Furuya et al. 1986 ). For instance, eukaryotic phytoplankton dominate the cold waters of the Southern Ocean (Jacques 1989) , whereas prokaryotic picoplankton species dominate the algal biomass in warm waters (DiTullio & Laws 1991 , DiTullio et al. 1993 , Campbell et al. 1994 .
Latitudinal differences in temperature, nutrient availability, irradiance, grazing rates, and taxonspecific maximal growth rates are probably the most important parameters in determining the phytoplankton assemblage in a given locale. Diatoms and haptophytes, for example, with their generally higher nutrient requirements and relatively high maximal growth rates at low temperatures, tend to dominate in polar and subpolar regions (Kang & Fryxell 1991 . In contrast, Synechococcus (Syn) and Prochlorococcus (Pro) spp. have adapted to growing in oligotrophic as well as Fe-limited, high-nutrient, lowchlorophyll (HNLC) tropical and subtropical regions (Olson et al. 1990 , Campbell et al. 1994 . Seasonal solar variations ) and vertical turbulent diffusion (Nelson & Smith 1991 ) dictate irradiance levels ) and spectral quality (Glover 1985) , which govern algal community composition. Relaxation events after storms (i.e. reduced rates of vertical mixing) can lead to significant changes in algal community structure (DiTullio & Laws 1991) . In subtropical waters, summer stratification can also lead to the development of large blooms of nitrogen-fixing Trichodesmium spp. (Karl et al. 1995) . Thus, the main environmental factors determining algal species dominance vary spatially and temporally for different oceanographic regimes. In addition, the relative importance of co-limiting nutrients (DiTullio et al. 1993) and light limitation , Nelson & Smith 1991 on algal biomass and species composition can vary not only regionally but also seasonally .
Several methods are available for determining the abundance and diversity of phytoplankton assemblages. While microscopic techniques allow for the identification of certain types of phytoplankton to the genus and species level, many flagellates will disintegrate during preservation (Gieskes & Kraay 1983) or will be too small and nondescript to identify. Epifluorescence microscopy can be useful to identify uniquely fluorescing cells such as Syn, but must be tailored to the individual group under study. Stoecker et al. (1994) reported that for the best enumeration of phytoplankton, no single fixation method is suitable for all taxa and a variety of fixatives are necessary for accurate estimates of cell numbers. In addition, microscopic cell counts are very labor-intensive and require a thorough knowledge of phytoplankton taxonomy. Flow cytometry can distinguish between some major groups of phytoplankton and bacteria, but is best used in conjunction with other techniques to get a more complete picture of the community composition. Recent advances in using genetic probes to identify the composition of a phytoplankton assemblage (Moonvan der Staay et al. 2000) show some promise in measuring the diversity of a community, but these methods are not simple to perform. In addition, it is also unlikely that the highly specific probes will recognize all the appropriate members of the community on which they are targeted and may underestimate their contribution to the total community.
Separating algal pigments via high-performance liquid chromatography (HPLC) and using specific diagnostic pigments as taxonomic markers within the phytoplankton assemblage is perhaps the easiest method for determining the relative importance of each taxonomic group. Previous studies have relied on the assumption that for a given pigment produced by a certain class of phytoplankton, all members of that class will contain the pigment in a constant, defined ratio to chlorophyll a (chl a) (Peeken 1997) , despite the fact that these ratios may vary as a function of light, nutrient status, or growth rate (e.g. Goericke & Montoya 1998) . This approach precludes the importance of nutrient-limited or photoacclimation effects by a population of phytoplankton and assumes that all members of the class will contain the identical pigment ratio. Furthermore, by representing a class of phytoplankton using only 1 pigment or a limited number, the analysis excludes other class members that may not contain the specified pigment (Letelier et al. 1993) .
The CHEMTAX (CHEMical TAXonomy) program (a matrix-factorization program for calculating algal abundances from concentrations of algal chemosystematic-marker photopigments) for the MATLAB™ matrix computing system advances our ability to quantify phytoplankton assemblage composition from HPLC-determined pigment concentrations and ratios . It employs a wider suite of pigments and a greater number of phytoplankton classes than previously used. Although the investigator must input an initial pigment ratio for each taxonomic class, the program can alter the pigment ratios, within the bounds set by the investigator, to better match the relative pigment ratios found in the phytoplankton assemblage at a particular locale. This is especially valuable when variations in pigment ratios are expected, for instance, between surface and deeper phytoplankton communities where differences due to photoacclimation may exist, or along transects where latitudinal variations occur.
In 1996 we participated in a cruise on the South Pacific Ocean, extending from the Southern Ocean to the Equator, to assess the magnitude and spatial variability of chemical and biological distributions. Specifically, those processes that influenced carbon dynamics were investigated in detail, especially for the Southern Ocean (Daly et al. 2001) . We hypothesized that broad spatial patterns of phytoplankton composition would be related to nutrient patterns over the same scales, and, in particular, we expected that the phytoplankton assemblage composition would reflect variations in iron and silicate distributions. Secondarily, limitations of other environmental constraints (such as macronutrients, irradiance, and vertical mixing) may also have affected primary productivity and the abundance of various phytoplankton taxa. We report here the large-scale distribution of phytoplankton composition and biomass, and the associated rates of biological production.
MATERIALS AND METHODS
The NOAA RV 'Discoverer' occupied stations at a nominal spacing of 30 nautical miles, south to north along the hydrographic section P15S (170°W) between January 15 and March 5, 1996 as part of WOCE (Fig. 1) . Table 1 lists the abbreviations used throughout this manuscript. The transect originated in the AZ, crossed the 3 fronts of the ACC -the Southern Front (SF), the Polar Front (PF), and the Subantarctic Front (SAF) -entered the Subantarctic Zone (SAZ), crossed the Subtropical Front (STF), proceeded through the South Pacific Gyrel (SPG), and ended in the Equatorial Zone (EZ) (Fig. 1) . CTD profiles were recorded at each station; bottle samples were collected for the measurement of salinity and temperature for CTD calibration.
Irradiance profiles were determined using spectroradiometer (MER 500, Biospherical Instruments) casts conducted each day at local noon. One CTD cast per day was conducted about 1 h before sunrise to collect seawater for the analysis of a suite of chemical and biological parameters. Sampling depths within the photic zone (100, 50, 30, 15, 5, 1, and 0.1% of surface irradiance) for this daily biological cast were estimated from the extinction coefficient measured the previous day. Trace-metal-clean techniques (i.e. Kevlar line, and 12 l Niskin bottles adapted for clean sampling with Tefloncoated springs and silicon rubber seals) were used to collect water samples for biological rate measurements 57 (Fitzwater et al. 1982) . Properties measured from the biological casts included nutrients, cell counts via flow cytometry, primary production ( 13 C uptake), and phytoplankton pigment concentrations using HPLC.
Nutrient samples were analyzed for dissolved phosphate, silicic acid, nitrate, and nitrite using protocols of Gordon et al. (1993) . Samples were measured using a modified Alpkem RFA 300 autoanalyzer. Analytical precision was determined from replicate analyses on 1 or more samples at almost every station. Urea measurements were made using an adaptation of the colorimetric method described in Mulvenna & Savidge (1992) using the diacetylmonoxime reaction. Ammonium measurements were made following the procedures outlined in Parsons et al. (1984) .
Samples collected for flow cytometry were fixed with paraformaldehyde and kept frozen in liquid nitrogen until onshore processing (Campbell & Vaulot 1993) . Cell numbers were enumerated following the procedure described in Campbell et al. (1994) using a FACSCalibur flow cytometer (Becton Dickinson), a dualbeam system (200 mW UV and 1 W 488 nm), to identify and count Pro, heterotrophic bacteria, Syn, and picoeukaryotic algae.
Primary production was measured using the 13 C incorporation method (Legendre & Gosselin 1996) . Samples were collected in 1 l acid cleaned polycarbonate bottles, to which ca. 240 µmol H 13 CO 3 (99% carrierfree; ICN) was added (approximately a 10% addition). All bottles were incubated on deck in incubators cooled with surface seawater to maintain constant temperature. Neutral-density screening was used to simulate light levels for bottle incubations. In addition, blue filters were used to spectrally simulate light levels below 30% surface irradiance (Laws et al. 1990 ). Incubation times for all productivity experiments were approximately from sunrise to sunset (ca. 12 to 17 h). After incubation, samples were filtered through GF/F filters, rinsed with a small volume of 0.01N HCl in seawater, and dried at 60°C. In the laboratory, samples were oxidized under vacuum to CO 2 , and the resultant isotopic ratio was measured on a VG Isogas SIRA Series II mass spectrometer. All isotopic enrichments were converted to absolute units using the formulas of Legendre & Gosselin (1996) . The average chl a concentration (initial and final time points from the incubation) was used in the calculation of the productivity index.
Photosynthetic pigments were separated on an automated Hewlett Packard 1050 HPLC with a MOS Hypersil reverse phase C-8 column using a ternary gradient with ammonium acetate as the ion pairing reagent (Wright et al. 1991 , DiTullio & Geesey 2002 . A diode array detector recorded pigment spectra every 5 s over the wavelengths 350 to 600 nm, and was set to record continuous chromatograms at 405 and 440 nm. An HP 1046A fluorescence detector with excitation of 421 nm and emission at 666 nm (optimized for chl a) was also employed to identify and quantify chl a and c, as well as chl degradation products such as chl-ide, ph-ides, and ph-tin (see Table 1 for list of pigment abbreviations). The system was calibrated by repeated injections of pigment standards that were isolated from a variety of unialgal cultures maintained in the laboratory. Our method could not separate chl b and DV chl b, so unless otherwise noted the values reported here are for total chl b (i.e. the sum of these 2 forms). Calculation of the relative abundance of various phytoplankton groups from the pigment concentrations was carried out using the CHEMTAX program written for the MATLAB™ matrix computing system. To account for photoacclimation and changes in pigment ratios with depth, samples were divided into depth bins for independent analysis by CHEMTAX. The depth bins used were: 0-10, 10-20, 20-30, 30-50, 50-75, 75-100 , and 100-150 m. Samples falling into 2 bins (e.g. a 10 m sample) were included in both bins and the results were averaged. To account for geographical differences in the phytoplankton assemblage, samples were also divided into 2 latitudinal sections. A transition zone between the 2 sections was identified from 44 to 38°S (Stns 86 to 97) across which the depth of the 1% isolume increased from 60 to 100 m. South of the transition zone surface DV chl a concentration was 0, increasing to 30 ng l . Other pigments had concentration decreases of the same magnitude. Samples collected from this zone were analyzed in both latitudinal sections and the results were averaged.
An initial pigment ratio matrix for each latitudinal section was created for incorporation into CHEMTAX (Table 2) . While the best way to establish the pigment ratios for an algal class is to find a near-unialgal sample within the dataset, samples such as these are exceedingly rare; so the initial ratio matrix must be developed from reports of other analyses in the same environmental regime or from phytoplankton species cultured from the region under study. Our initial pigment ratio matrices were modified from the matrices reported in previous studies , 1998 , Higgins & Mackey 2000 with the addition of more algal classes (e.g. Pro and pelagophytes) and more pigments. Pigment ratios were modified based on published reports from field and culture studies, and from analyses of algal cultures maintained in various laboratories (see below).
The algal class Chrysophyceae has undergone considerable taxonomic revision over the last decade. Previous reports of the pigment compositions of chrysophytes (Jeffrey et al. 1997 , Mackey et al. 1998 have included taxa such as Synura and Pelagococcus species, which have now been removed from this class. We developed our pigment ratios from data reported by Withers et al. (1981) and our own culture of Ochromonas spp. Most significantly, chrysophytes differ from pelagophytes and haptophytes by the absence of 19but. Pigment ratios for pelagophytes varied between the latitudinal sections. For the southern section we used ratios given by Wright & Jeffrey (1987) for an East Australian strain of Pelagococcus subviridis with equal amounts of 19but and Fucox as its primary carotenoids. For the northern section we derived our ratios from a North Pacific strain reported by Vesk & Jeffrey (1987) and a Sargasso Sea strain (CCMP1395) cultured in our laboratory. Jeffrey & Wright (1994) defined 4 types of haptopytes. Type 3 haptophytes (Hapto3) include coccolithophorids (e.g. Emiliania huxleyii ) containing Fucox, large amounts of 19hex, and only trace amounts of 19but, while Type 4 haptophytes (Hapto4) represent taxa such as Phaeocystis antarctica that contain more equal ratios of Fucox, 19hex, and 19but . Pigment ratios for temperate/tropical versus polar strains were developed from a wide variety of sources (Wright & Jeffrey 1987 , Jeffrey & Wright 1994 , Stolte et al. 2000 , S. W. Wright pers. comm.). Additional information regarding pigment ratios for prasinophytes came from Foss et al. (1986) , Hooks et al. (1988) , and our own culture of Pycnococcus provasolii (CCMP1198). Pigment ratios for Pro and Syn in the northern section were derived from the analysis of surface samples collected in the SPG where concentrations of pigments from eukaryotic algae (e.g. 19hex) were minimal.
In the mathematical analysis by CHEMTAX we allowed the pigment ratios to vary up to a maximum limit of 500% (i.e. 1/6 to 6 times the initial value). Weighting of the pigment concentrations was set to bound relative error by pigment with a weight bound of 30. Other settings included the iteration limit (500), the epsilon (residual) limit (0.005), the initial step size (10), the step ratio (1.3), the cutoff step (1000), the number of elements varied simultaneously (5), and the number of subiterations (5). The CHEMTAX output was the fraction of chl a contained in each algal group. The final portion of total chl a in each group was calculated by multiplying this fraction by the ratio of chl a to chl a + DV chl a. The portion of total chl a contained in Pro was simply the ratio of DV chl a to chl a + DV chl a.
RESULTS

CTD and nutrient sections
Following the methodology and terminology of Orsi et al. (1995) , we used the CTD hydrographic properties Table 3 . General distribution pattern of various physical, chemical and biological core parameters in regimes of South Pacific Ocean during January to March 1996. Values for core parameters represent values measured within mixed layer for each specific region (mean ± SD). Dominant algal groups were determined using CHEMTAX analysis of HPLC pigment data. Abbreviations as in Table 1 Zone Latitude to identify the regions and oceanic fronts crossed along the transect (Daly et al. 2001) . Temperature stratification occurred in the STF (45 to 40°S) at 30 to 50 m ( Fig. 2A ) and deepened northward into the SPG. The average temperature increased northward across the frontal zones and into the SPG; it reached a maximum in the SPG and decreased slightly in the EZ, presumably due to upwelling ( Fig. 2A) . Little vertical structure in salinity distributions occurred in the upper 150 m, except in the central part of the SPG (Fig. 2B) . The average salinity increased northward across the fronts and into the southern part of the SPG (Table 3) , decreased in the central axis region due to precipitation (Hansell & Feely 2000) , but increased again upon entering the EZ (Fig. 2B) . Both nitrate and phosphate concentrations decreased northward across the fronts and into the SPG, dropping to below detectable levels (< 0.1 µM) in the SPG (Fig. 3A ,B, Table 3 ). Concentrations of both nutrients rose slightly in the EZ. Silicate concentrations were highest (> 60 µM) at the southernmost (ca. 67 o S) station (#33), and decreased markedly across the SF (Fig. 3C, Table 3 ). Low silicate concentrations (<1 µM) were measured north of the STF. Ammonium concentrations were greatest (ca. 1 µM) between 70 and 100 m in the SF, SAF, and STF (Fig. 3D) . In the SPG, NH 4 + levels were typically undetectable (< 0.1 µM), but slightly greater concentrations were found in the EZ. Urea concentrations were typically at or below our detection limits (< 0.1 µM) and did not reveal any significant relationships with depth or oceanographic province (data not shown).
Pigment concentrations
The SAF generally contained lower pigment concentrations than the zones and fronts to the north or south. Surface chl a concentrations in the SAF were only 27 and 36% of the concentrations in the PF and STF (Table 3) , and depth-integrated chl a was 30 and 42%, respectively (Table 4 ). In the STF, at about the depth of the 1% isolume (45 m), we observed a subsurface chlorophyll maximum (SCM), deepening northward to about 120 m between 20 and 10°S (Fig. 4A) . The SCM dissipated near the Equator. Chl a concentrations exceeded 500 ng l -1 in the PF and STF, while elsewhere concentrations rarely exceeded 300 ng l -1 . In the southern part of the SPG, chl a concentrations in the SCM were much greater than in the central and northern parts, where concentrations never exceeded 200 ng l -1 and usually were less than 100 ng l -1 . In the SPG north of 32°S, the amount of chl a in the upper 100 m was about equal to the chl a biomass in the 100 to 150 m depth zone (Table 5 ). In the EZ, however, there was 3.5-fold more chl a biomass above 100 m than between 100 and 150 m.
Although our HPLC method could not quantitatively separate chl b from DV chl b, we could identify the spectra of both forms in nearly all samples from the SCM of the SPG. In contrast, only the spectrum of monovinyl chl b was observed in the STF region. Therefore, what is reported for the SPG is total chl b (i.e. the sum of chl b and DV chl b). Chl b concentrations were minimal (<100 ng l -1 ) south of the SAZ (Fig. 4B) . In the STF, chl b concentrations were greatest in the SCM, exceeding 200 ng l -1 at 45 m. Depthintegrated chl b values were also greatest in the STF, with lower values south of the SAZ (Table 4) . Total chl b concentrations were always greatest in the SCM, and across the SPG concentrations in the SCM were ≥100 ng l -1
. In the SPG north of 32°S, there was more total chl b below 100 m than above (Table 5 ). In the EZ, there was more total chl b above 100 m than deeper. chl c 1 +c 2 concentrations were greatest within and south of the PF, with lesser amounts in the STF and minor amounts in the SCM of the SPG (Fig. 4C) . Depth-integrated amounts of chl c 1 +c 2 varied only from 1.1 to 4.6 mg m -2 across the entire transect (Table 4) . Chl c 3 concentrations were greatest in the PF, with a secondary peak in the STF (Fig. 4D) , while occurring in the SPG in small amounts concentrated in the SCM. Trends similar to chl c 1 +c 2 are apparent in the depthintegrated amounts of chl c 3 (Table 4 ). Low concentrations of DV chl a, found only in Pro , Goericke & Repeta 1992 , were measured in the STF (Table 4) , but only at depth (see Fig. 13D ). While maximum DV chl a concentrations were found in the SCM of the SPG (with values exceeding 80 ng l -1 across the entire region) the depthintegrated values of DV chl a showed approximately equal amounts above and below 100 m (Table 5 ). In contrast, the maximum DV chl a concentrations in the EZ was observed in the upper 100 m (see Fig. 13D ), resulting in 5-fold higher DV chl a concentrations in the upper 100 m than below (Table 5 ). In the SPG, the DV chl a:total chl a ratio was ca. 0.45 in both the upper (0 to 100 m) and lower (101 to 150 m) photic zones. In the EZ, the ratio in the upper photic zone was similar (0.44) to that in the SPG, but was only 0.29 in the lower photic zone. The DV chl a:total chl b ratio in the upper photic zone was greatest in the central and northern part of the SPG, and lower in the southern part of the SPG and in the EZ (Table 5) . A lower DV chl a:total chl b ratio was observed below 100 m in both the SPG and EZ, similar to laboratory results with Pro demonstrating a decrease in this ratio at lowered growth irradiances (Partensky et al. 1993) .
Distributions of 3 of the 4 major carotenoids found in these waters, 19but, Fucox, and 19hex, followed a pattern similar to that of the chlorophylls (Fig. 5A-C) . Highest concentrations were generally observed in the SF, PF, and STF with a band of elevated concentrations in the SCM across the SPG. The concentration of 19but was greatest in the PF and the STF, exceeding 120 ng l -1 . In the SPG, 19but concentrations were greatest in the SCM layer, with low concentrations north of 30°S, primarily in the SCM. There were slightly elevated concentrations (up to 50 ng l ). Decreasing amounts of 19hex were found in the SCM further north, with relatively little or none north of 35°S. Slightly greater concentrations were found in the EZ. Likewise, depth-integrated amounts of 19hex were greatest in the SAZ and STF, with much lower values in the SPG and EZ (Table 4 ). The distribution of zeaxanthin (zeax) (found primarily in prokaryotic algae) differed markedly from that of the other carotenoids, and was greatest in the southern part of the SPG and in the EZ (Fig. 5D) . Unlike all the other pigments, zeax concentrations were not always highest in the SCM. Throughout most of the SPG, zeax was fairly evenly distributed throughout the upper 150 m of the water column with concentrations of 300 to 600 ng l -1
. Slightly higher concentrations were found in the EZ, but with a distribution pattern closer to the surface than seen for other pigments. Depth-integrated values for zeax were very low south of the SAZ and increased northward to maximum values in the EZ (Table 4) . In the SPG, the ratio of DV chl a:zeax was much lower above 100 m than deeper (Table 5 ), supporting the hypothesis that zeax serves as a photoprotective agent in prokaryotic algae (Bidigare et al. 1989) .
The distribution of phaeopigments was greatest in waters south of STF (65 to 40°S) in conjunction with the dominance of chl c-containing algae. Two major phaeophorbide a peaks ('normal' phaeophorbide a and pyrophaeophorbide a) were observed to elute chromatographically between peridinin and Fucox. A third minor peak was also sometimes observed in this region. The sum of the phaeophorbides (Σph-ide) was greatest in the upper 100 m of the water column and revealed several distinct peaks, including one centered at approximately 90 m (Fig. 6A ). This Σph-ide peak generally co-varied with the NH 4 + maximum observed at 90 m throughout the ACC (Fig. 3D) ; however, there was a distinct latitudinal offset between the maxima in Σph-ide and NH 4 + concentrations. Chl-ide distributions (Fig. 6B) were very similar to those of Fucox (Fig. 5B) indicating that diatoms were the major taxonomic group containing the chlorophyllase enzyme (Jeffrey & Hallegraeff 1987) . Diatom senescence following an earlier bloom would account for this increase in chl-ide (Mengelt et al. 2001) . High concentrations of chl-ide will result in an overestimation of chl a when using fluorometric determinations of chl a and may partially explain the overestimation of chl a by fluorometry relative to HPLC chl a separations (Mengelt et al. 2001 ).
Primary productivity
Peaks in primary production (PP) occurred in the SF and the STF, with rates exceeding 1.0 mg C l -1 h -1 at the surface (Fig. 7A) . The maximum rate of PP was observed in the EZ, where rates exceeded 1.4 mg C l -1 h -1 ) occurred slightly below the surface at 20°S in the SPG (Fig. 7B) , where Pro cell numbers were greatest (Fig. 8B) . The region of highest PP as well as surface productivity index extended northward into the EZ (Table 6 ). 
Flow cytometry
Samples for flow cytometry were collected only from Stns 116 (34°S) to 174 (Equator) and counted to determine the abundance of Syn, Pro, heterotrophic bacteria, and pico-eukaryotic algae (Fig. 8) . In the euphotic zone, heterotrophic bacteria were always the most abundant cell type, and were relatively uniform along the transect, ranging between 5 × 10 5 to 7 × 10 5 cells ml -1 (data not shown), and decreasing below the euphotic zone. Pro were the next most abundant group (Fig. 8B ) with cell densities ranging up to 2.9 × 10 5 cells ml -1
. Syn (Fig. 8A) were more abundant than picoeukaryotes (Fig. 8C) , except at the surface in the EZ, where they were approximately equal. Prokaryotic cells were always greater in surface waters (< 50 m) than at depth; however, the latitudinal distribution varied by group. The highest Syn cell counts were measured in the EZ, while Pro cell counts were highest in the SPG (20 to 25°S). Depth-integrated Pro cell counts were 22 and 51% lower in the EZ relative to the SPG above and below 100 m, respectively (Table 5 ). In conjunction with this decrease in Pro abundance, depthintegrated Syn cell counts increased by 457 and 267% in the EZ relative to the SPG above and below 100 m, respectively (Table 4) . Pico-eukaryotic cell counts were greatest in the surface waters of the EZ, but in the SPG cell counts were slightly greater in the SCM than at the surface.
The ratio of DV chl a:Pro cell number increased at depth, especially below the depth of 1% surface irradiance, suggesting that photoacclimation was significant (Fig. 8D) . In the SPG, the ratio of DV chl a per cell in the upper 100 m averaged 0.14 fg cell -1 , whereas the ratio between the 1% light level (ca. 100 m) and 0.1% light level (ca. 150 m) was nearly 10-fold higher (Table 5) . Ratios exceeding 4 fg DV chl a cell -1 were observed between 200 and 250 m (data not shown).
CHEMTAX
The results of the CHEMTAX analyses are presented in 2 ways: as a percentage of the total chl a contained in each taxonomic group, and as the amount of chl a or DV chl a contained in each group (Figs. 9  to 13 ). The first analysis shows the relative contribution of a group to the phytoplankton assemblage at a given location, whereas the second analysis shows the relative biomass distribution of a group along the transect. As previously described, a transition zone existed between 44 and 38°S (Stns 86 to 97), across which the depth of the 1% isolume increased from 60 to 100 m. South of this zone the dominant taxonomic groups were diatoms (Fig. 9A,B ), 66 pelagophytes (Fig. 9C,D) , Hapto3 (Fig. 10A,B) , Hapto4 (Fig. 10C,D) , and chrysophytes (Fig. 11C,D) . Cryptophytes (Fig. 11A,B) , chlorophytes (Fig. 12A,B) and prasinophytes (Fig. 12C,D) were of lower abundance. North of the transition zone, the phytoplankton assemblage was dominated by Syn (Fig. 13A,B) , Pro (Fig. 13C,D) , and Hapto4. Prasinophytes were a minor component of the algal assemblage. Diatoms contributed significantly to the phytoplankton assemblage only in waters south of the SAF (Fig. 9A,B) . Maximum diatom biomass occurred in the surface waters of the ACC between the SF and the SAF down to a depth of 100 m. Diatoms were conspicuously absent at the southernmost station. Pelagophytes were a major portion of the phytoplankton assemblage within and just north of the SAF. Their biomass distribution, however, was bimodal, with a peak in the PF and another in the STF, corresponding with similar peaks in the overall biomass distribution of chl a (Fig. 4A) . Pelagophytes had negligible occurrence below the 1% isolume.
Hapto3 comprised greater than 20% of the phytoplankton assemblage only in near-surface waters (< 60 m) between the PF and STF, with peak biomass in the STF (Fig. 10A,B) . Hapto4 dominated the deep-water phytoplankton assemblage within and south of the STF, but were a negligible component of the surface phytoplankton assemblage (Fig. 10C,D) . They had a biomass peak just below the 1% isolume across this region, with biomass exceeding 100 ng chl a l -1 . Hapto4 accounted for up to 40% of the total chl a across the SPG, with slightly greater abundance and biomass in the EZ.
Cryptophytes rarely accounted for more than 20% of the phytoplankton assemblage, but were more than 10% of the assemblage across much of the region within and south of the STF (Fig. 11A,B) . Maximum cryptophyte biomass was shallower than the 1% isolume across this region. Chrysophytes dominated the ). Note that this figure shows data from SPG (0 to 30°S) only surface phytoplankton assemblage south of the PF, with a secondary peak at 90 m in the PF (Fig. 11C,D) . Chlorophytes were negligible members of the phytoplankton assemblage, always containing less than 5% of the total chl a and rarely more than 10 ng chl a l -1 (Fig. 12 A,B ). Prasinophytes were a minor, but consistent, part of the phytoplankton assemblage across much of the transect (Fig. 12C,D) . Peak prasinophyte abundance and biomass was in the STF, with a secondary peak in the EZ. Dinoflagellates never contained more than 5% of the total chl a, and dinoflagellate biomass was similarly low (<10 ng chl a l -1 ), with a maximum in the PF (data not shown). Syn and Pro dominated the phytoplankton assemblage in the central part of the SPG (Fig. 13A,C) . Both had a biomass maximum in the SCM (Fig. 13B,D) , but while peak Syn biomass was in the transition zone just north of the STF, Pro biomass was greatest in the central SPG with secondary peaks in the transition zone and the EZ.
DISCUSSION
Antarctic zone
Distributions of photosynthetic pigments and cellular abundance during mid-austral summer 1996 revealed distinct differences in the phytoplankton composition that appeared to result from physicochemical differences in the various oceanographic regimes. We observed a great contrast within the AZ between the southernmost station (#33) and the stations north of the SF (#37 to 42). The entire AZ had relatively high macronutrient concentrations (Fig. 3) ; however, the ob- . Mengelt et al. (2001) also concluded that by summer, light-limitation no longer limits phytoplankton growth in this region. Therefore, we would expect to observe higher biomass and productivity at Stn 33 than north of the SF. However, while Stn 33 contained only moderate algal biomass levels (chl a < 300 ng l -1 ) and low rates of PP (< 400 ng C l -1 h -1 ) at the surface, stations north of the SF had both high biomass (chl a > 500 ng l -1 ) and PP rates (>1000 ng C l -1 h -1 ). In addition to possible light limitation, iron is probably a major factor limiting PP and biomass south of the SF , Boyd et al. 1995 , Franck et al. 2000 , Mengelt et al. 2001 , particularly during austral summer. The in situ correlation of dissolved iron and algal biomass distribution in the Southern Ocean supports the iron-limitation hypothesis (de Baar et al. 1995 , Sedwick et al. 1999 , Franck et al. 2000 , Mengelt et al. 2001 ). In the Pacific sector of the Southern Ocean Nolting et al. (1998) and van Leeuwe et al. (1998b) found lower iron concentrations in the water masses of the AZ than further north, and that the iron that is present may not be bioavailable due to low concentrations of organic complexation compounds (Rue & Bruland 1995) . Ironenrichment experiments conducted by Olson et al. (2000) demonstrated increased photosynthetic efficiency in samples collected from Southern Ocean waters, but not in samples collected from the SF or PF. Van Leeuwe et al. (1998a) determined that prymnesiophytes and diatoms together made up an average of 95% of the total phytoplankton biomass south of the PF. However, they defined prymnesiophytes as all types of algae containing 19hex. We found that the surface phytoplankton assemblage of the AZ consisted primarily of chrysophytes and diatoms, together accounting for nearly 80% of the chl a. Hapto4 and pelagophytes, 2 other groups of 19hex-containing algae, accounted for most of the remainder of the chl a biomass south of the PF. 
Antarctic circumpolar current
The SF and PF are important zones for biological production (Selph et al. 2001) . These zones accumulate suspended particulate matter , Nelson et al. 1996 , Moore et al. 1999 ) and the vertical stability maintains a favorable light environment for phytoplankton growth. Stratification was observed at moderate depths (60 to 80 m) between the SF and the PF, and only slightly deeper (about 45 m) than the euphotic zone (Daly et al. 2001) . Advection of nutrients into the SF by upwelling maintains high iron and nutrient concentrations favorable for growth (Löscher 1999 , Mengelt et al. 2001 , but the sinking of biogenic particles rich in silicate will balance this input over seasonal and annual timescales. During the summer, grazing by mesozooplankton can consume up to 21% of the daily phytoplankton production (Urban-Rich et al. 2001) . While total chl a was about the same in the PF as further south, a series of cloudy days with slightly lower irradiance levels (average PAR of 501 ± 221 µE m -2 s -1 from 63 to 50°S) resulted in a lower PP than in the AZ. The dominance of the phytoplankton assemblage by chrysophytes decreased to less than 20% of the total chl a in the PF, with an increase in diatoms, pelagophytes, Hapto3, and Hapto4 (Figs. 9 to 11 ). While concentrations of nitrate and phosphate remained high across this part of the transect, silicate concentrations decreased markedly (to less than 10 µM), probably as a result of drawdown by the greater abundance of diatoms, but also partly due to meanders and eddies bringing low silicate waters south across the PF. The ACC region north of the PF was demarcated by extremely low silicate availability (ca. 1 to 3 µM), a function of the southward encroachment of the silicate-limiting zone during the progression of the bloom period (Franck et al. 2000 , Nelson et al. 2001 . Small, lightly silicified diatoms are predominantly responsi- ) in chrysophytes ble for the drawdown in silicate concentrations in spring and summer (Hutchins et al. 2001) . North of the PF, pelagophytes, Hapto3, and Hapto4 cells continued to increase in biomass and dominance, with a decline in the dominance of diatoms, most probably due to the co-limitation of iron and silicate on diatom growth, especially in the mid-to late-summer period (Nelson & Tréguer 1992 , van Leeuwe et al. 1998b , de Baar et al. 1999 ). However, diatoms still represented 10 to 30% of the total chl a in the low-silicate waters between 60 and 55°S. The low concentrations of silicate and the lower abundance of diatoms observed in this region may have resulted from a spring diatom bloom that subsequently sank or was effectively grazed from the surface waters. Within transects across the PF during austral spring (October and November) , several studies (Boyd et al. 1995 , Peeken 1997 , Smith et al. 2000 , Nelson et al. 2001 found high silicate concentrations and phytoplankton assemblages dominated by diatoms. Transects conducted across the PF during summer and fall (January to May) typically find few diatoms and low silicate concentrations (Sullivan et al. 1993 , van Leeuwe et al. 1998a , de Baar et al. 1999 , Smith et al. 2000 , Brown & Landry 2001 . During the seasonal progression north of the PF, iron and silicate are probably co-limiting nutrients (Franck et al. 2000) . Following the initial diatom bloom, low iron availability can result in enhanced silicate:nitrate uptake ratios for pennate diatoms, leading to a population of thickly silicified cells (Hutchins & Bruland 1998 , Takeda 1998 , Franck et al. 2000 ) and a rapid drawdown of silicate concentrations. Even in low-silicate subantarctic waters near Tasmania, lightly silicified pennate diatoms have been observed to proliferate in bottle incubations following iron-addition (Sedwick et al. 1999 , Hutchins et al. 2001 . Hence, seasonal iron depletion could result in dominance by thickly silicified diatom species during the spring bloom, a transi- ) in prasinophytes tion to lightly silicified diatoms as silicate becomes limiting, and finally to flagellates when silicate is exhausted during the summer. Other nutrients (nitrate, phosphate, trace metals, etc.) are more rapidly and efficiently recycled by zooplankton grazing (Daly et al. 2001) , and are thus not as greatly diminished by the particulate sinking flux.
The distribution of Σph-ide revealed that the most significant processes producing phaeopigments were associated primarily with the region south of the SAF, where the phytoplankton assemblage was dominated by diatoms. Because a mixture of both 'normal' phaeophorbide a and pyrophaeophorbide a was observed in this region, it is likely that both grazing and senescent processes produced these. Via enhanced settling rates and lowered losses due to mesozooplanktonic grazers and recycling processes, it is possible that diatoms increase the efficiency of the biological pump (Dugdale et al. 1995) compared to smaller phytoplankton species. However, this may not entirely be the case when iron and silicate are severely co-limiting diatom growth. Under iron limitation, cell size is reduced (Sunda & Huntsman 1997) and smaller diatom species tend to dominate the phytoplankton assemblage (Hutchins et al. 2002) . These smaller diatom species may be more susceptible to mesozooplanktonic grazing, which may explain the Σph-ide maximum observed south of the SAF (Fig. 6) . Jónasdóttir et al. (1998) suggested that some diatoms inhibit grazing via chemical defense mechanisms, although the effect of individual species on copepod growth and reproduction is poorly known. Ingestion of diatoms by grazers is probably a complex function of species, size, and chemical composition, and our data cannot discern the dominant effect in this region.
The SAF is a region of lower pigment concentrations between the PF and the STF, typical of an HNLC area described by Minas & Minas (1992) . Surface geo- strophic velocities were maximal at the SAF (Daly et al. 2001) ; this increased the depth of the surface mixed layer to 80 to 100 m, i.e. below the 1% isolume at 60 m. It is conceivable that light limitation could have accounted for the observed low biomass . Hapto3 and pelagophytes dominated the surface phytoplankton assemblage, both in terms of abundance and biomass, even as chl a decreased (from > 200 to < 50 ng l -1 ) between the PF and the SAF. The abundance and biomass of diatoms decreased sharply along with the decline in silicate concentrations until they accounted for <10% of the total chl a. Conversely, the abundance and biomass of the minor components of the assemblage (cryptophytes, chlorophytes, and prasinophytes) continued to increase to the north. For the first time on the transect we observed a SCM at the depth of strong stratification. Pigment concentrations were greater at depths between 30 and 100 m than at the surface, and most groups showed greater chl a biomass at these depths than at the surface. Hapto4 cells dominated the phytoplankton assemblage in the SCM.
While blooms of colonial Phaeocystis antarctica are generally restricted to the marginal ice zone (El-Sayed & Fryxell 1993 , Selph et al. 2001 , discounting the prevalence of flagellated P. antarctica cells north of the PF may underestimate the true contribution of Hapto4 to total algal biomass, especially near the bottom of the euphotic zone. Although flagellated cells may not be as conspicious as colonial blooms they may be just as important with respect to total biomass as evidenced by the contribution the Hapto4 cells made to the total chl a concentration (Fig. 10) . Maximum abundance of Hapto4 cells was generally located at depth, with maximum concentrations observed at or below the 1% isolume. Diatom biomass was mostly concentrated at or above the 1% isolume (Fig. 9) . A secondary peak below the 1% isolume could be the result of recent sedimentation of a diatom bloom. These trends are consistent with the hypothesis that diatoms flourish in shallow mixed layers while P. antarctica populations tend to dominate in regions with deeper mixed layers (Arrigo et al. 1999 (Arrigo et al. , 2000 .
Subtropical Front
In the STF, PP and phytoplankton chl a increased, with little change in the composition of the phytoplankton assemblage. High subsurface (0.5 m) irradiance (1400 µE m -2 s -1 ), strong stratification at shallow depths (20 m and also 60 m, Daly et al. 2001) , and low but non-limiting nutrient concentrations probably account for this high PP and biomass. Others (Furuya et al. 1986 , Bradford-Grieve et al. 1997 , Chang & Gall 1998 , Nodder & Gall 1998 have observed similarly high biomass in the convergence zone, but while they have generally observed diatom-dominated phytoplankton assemblages, we observed that flagellates dominated. The difference in the observed assemblage composition probably results from the sampling season: Bradford-Grieve et al. (1997) and Chang & Gall (1998) sampled during the winter and spring, while Furuya et al. (1986) sampled during the early summer. In comparing the phytoplankton assemblage between winter and spring, Chang & Gall (1998) also observed an increase in the relative importance of nanoflagellates in the spring, corresponding to the lower silicate concentrations. Nodder & Gall (1998) observed large fluxes of Fucox and chl a in sediment traps during spring, while 19hex and 19but were minor components in the traps. Furuya et al. (1986) postulated that diatoms enter a period of silicate deficiency during or just after their sampling in late December, and that phytoplankton which do not require silicate for growth will eventually dominate the assemblage. This trend of decreasing diatom and increasing flagellate abundance continues into the summer, at which time we found that flagellates completely dominated the assemblage. Hapto3, Hapto4, pelagophytes, and prasinophytes reached their peak abundance and biomass in the STF. Except for the Hapto3, these peaks occurred at depths between 30 and 60 m between the depths of strong stratification (Daly et al. 2001 ) and coinciding with the SCM. The STF marked the southern limit of Syn and Pro, which accounted for a small portion of the assemblage.
South Pacific Gyre
Between 44 and 38°S the cruise crossed a transition zone between the STF and the oligotrophic, subtropical waters of the SPG. Across this zone the SCM deepened from 50 to 90 m (Fig. 4A) , the depth of the 1% isolume deepened from 60 to 100 m, and the surface phytoplankton assemblage shifted from a eukaryoticdominated system in the STF to a prokaryoticdominated system in the SPG. A vertical separation of phytoplankton assemblages occurred within this transition zone, continuing into the SPG, with prokaryotes dominating the surface assemblage and eukaryotes (Hapto4, cryptophytes, and prasinophytes) dominating the assemblage in the SCM.
Surface waters of the SPG are highly oligotrophic, with most nutrient concentrations at or below detection limits. Iron limitation is widespread across this region (Behrenfeld & Kolber 1999) . These waters were dominated by prokaryotic algae and contained relatively low eukaryotic algal biomass. Hapto4 and prasinophytes comprised a minor portion of the assemblage (< 30%). Pro dominated the surface assemblage both in terms of total chl a biomass and numerically, based on the flow cytometry results, while Syn ranked second. In contrast, Mackey et al. (1998) , using CHEMTAX to analyze the pigment distribution in the western tropical Pacific, concluded that Syn dominated the chl biomass in surface waters and Pro was of secondary importance. In the same region, Shimada et al. (1993) reported that Pro dominated numerically over Syn in surface waters; however, they observed greater Syn cell numbers in the SCM than in surface waters, while we observed lower Syn cell numbers in the SCM (Fig. 8) . Claustre et al. (1999) , measuring cellular fluorescence, described the surface waters as being dominated by Pro and picoeukaryotes, with Syn of secondary importance. Consistent with our observations, all these reports described dominance by Pro in the SCM.
Across the SPG, north of this transition zone, the SCM continued to deepen, reaching a maximum of 130 m at 20°S, corresponding to the axis of the gyre circulation (Stramma et al. 1995) . The SCM consistently fell within the nitracline, and closely followed both the 1% isolume and the 1 µM NO 3 -contour line. Similarly, Blanchot et al. (1992) located the SCM along the 0.1 µM NO 3 -contour. Physically, the SPG conforms to the typical tropical structure as described by Blanchot & Rodier (1996) , with a 2-layered structure separated by a strong pycnocline. There was a distinct difference in phytoplankton composition between surface waters (<100 m) and the SCM. This separation of assemblages is consistent with numerous other observations linking the phytoplankton assemblage composition with nutrient levels: small prokaryotic algae dominate in near-surface, nutrient-depleted, highlight environments, while pico-eukaryotes dominate in the deeper, higher nutrient, low-light environment of the SCM , Blanchot & Rodier 1996 . Le Bouteiller et al. (1992) reported that phytoplankton biomass in low-nutrient surface water was mostly in the <1 µm size fraction, while in the SCM the >1 µm size fraction contained the majority of the biomass. Based on our CHEMTAX results, eukaryotic algae (Hapto4, cryptophytes, and prasinophytes) contributed significantly to the assemblage in the SCM, comprising about 50% of the assemblage, but only Hapto4 were found across the entire SPG. Pro distributions, as indicated by DV chl a concentrations, tracked the 1% isolume (Fig. 13D) and, more closely, the 1 µM nitrate contour (Fig. 3A) . Whether these relationships are cause and effect is not clear; however, Olson et al. (1990) in the North Atlantic Ocean and Shimada et al. (1993) in the West Pacific also related Pro distributions to the position of the nitracline. Pico-eukaryotes, which showed maximal concentrations at the top of the nitracline, were probably fueled by nitrate diffusion across the pycnocline leading to 'new' primary production at this depth.
Photoacclimation is an important process in the SPG. Cellular fluorescence increases with depth in all groups of algae (Blanchot & Rodier 1996) . For prokaryotes, photoacclimation to the light levels throughout the water column is of high significance. In the highlight surface waters, Syn have been shown to acclimate by synthesizing more of the photoprotective pigment zeax and accessory light-harvesting pigments such as phycoerythrin and phycocyanin , Bidigare et al. 1989 . In deeper, more lightlimited waters, Syn produce more chl a per cell (Blanchot & Rodier 1996) . Similarly, Pro photoacclimate to lower light levels by increasing their cellular DV chl a content (Partensky et al. 1993 , Blanchot et al. 2001 . Cellular fluorescence of surface Pro can be so weak that they are difficult to enumerate (Claustre et al. 1999) . Shimada et al. (1993) reported a 10-fold greater fluorescence per cell at the depth of the 1% isolume than at the surface. We observed that the cellular DV chl a concentration was 5 times greater at the depth of the 1% isolume relative to that at the surface (Fig. 8D) . Similarly, the results from the CHEMTAX analysis by Mackey et al. (1998) showed a >10-fold increase in the chl a:zeax ratio for prochlorophytes between the surface depth bin (1) and the deepest depth bin (12). We also observed a significantly higher ratio (4-fold) in deeper water (101 to 150 m) than in shallower water (0 to 100 m) (Table 5) .
Below the 1% isolume, the nitracline, and the SCM, pigment concentrations, cell numbers, and productivity decreased markedly, but not all pigments and cell numbers declined at the same rate; DV chl a and Pro cell numbers decreased to a lesser extent than others. Pro cells that dominated this very deep environment were highly photoacclimated with very high cellular DV chl a content (1 to 4 fg cell -1
). This huge difference in cellular DV chl a can be attributed to 2 subpopulations of Pro, 1 at the surface adapted to high-light and 1 in deep water adapted to low-light (Campbell et al. 1994 , Blanchot & Rodier 1996 , Moore et al. 1998 , Blanchot et al. 2001 . Goericke et al. (2000) reported finding a novel Prochlorococcus species in low-light, suboxic environments of the Eastern Tropical Pacific and Arabian Sea that contained a unique complement of photosynthetic pigments including parasiloxanthin. These populations formed near monoalgal cultures at some locations and depths, often below the euphotic zone. No samples in this survey contained parasiloxanthin. Moore et al. (1998) determined that surface and deep populations of Pro in the North Atlantic Ocean are closely related, yet genetically different, ecotypes, physiologically adapted to their respective nutrient and light environments.
Equatorial Zone
North of 10°S the cruise entered the EZ, a region of equatorial upwelling with hydrographic conditions consistent with non-El Niño periods . In fact, this cruise took place at the beginning of a La Niña event (Le Borgne et al. 1999) . This HNLC regime is distinct from both the SPG and the oligotrophic warm pool of the western Equatorial Pacific (Blanchot et al. 2001 ) by having a shallow and dispersed SCM, elevated macronutrient (NO 3 -, PO 4 -, NH 4 + ) concentrations, a shallower euphotic zone, and slightly higher pigment concentrations. Consistent with other reports (Iriarte & Fryxell 1995 , Raimbault et al. 1999 , Blanchot et al. 2001 ), a surface mixed layer of 60 to 90 m depth, slightly shallower than the euphotic zone, is generally distinguished from deeper waters and contains the majority of the phytoplankton cell numbers and biomass (Chavez et al. 1990 , Kaczmarska & Fryxell 1995 , André et al. 1999 , Blanchot et al. 2001 . In this region, surface (Cullen et al. 1992) . Our P-I values, however, were significantly lower than those measured in other warm waters (> 26°C) with reported P-I values as high as 20 to 25 g C (g total chl a) -1 h -1 (Malone & Neale 1981 , Falkowski 1983 ). The lower P-I values in our study and that of Cullen et al. (1992) probably reflect the effects of nutrient limitation on phytoplankton growth in the EZ. Photosynthesis versus irradiance measurements in this region also indicated that nutrient limitation was important despite elevated NO 3 -concentrations (Lindley et al. 1995) . As in other HNLC environments, iron is probably the limiting factor for phytoplankton growth (Martin 1992 , Lindley et al. 1995 , Hoge et al. 1998 , Raimbault et al. 1999 ; however, silicate may also act as a co-limiting nutrient (Dugdale & Wilkerson 1998) . Elevated concentrations of NH 4 + in the EZ support the idea that regenerated production is an important process, which retards the drawdown of nitrate levels (Wilkerson & Dugdale 1992 , Raimbault et al. 1999 .
Compared to the SPG, Pro cell numbers in surface waters of the EZ were slightly lower, but were still 1 order of magnitude greater than Syn or pico-eukaryotes. Although Pro cell numbers were less, a greater cellular quota of DV chl a (Fig. 8D, Table 5 ) resulted in greater chl a biomass here than in the SPG (Fig. 13D ), so they still accounted for nearly half (44%) of the total chl a biomass (Table 5) . Ishizaka et al. (1997) reported 30% of the total chl as DV chl a. The relative dominance of Pro in the EZ varies longitudinally and temporally (Iriarte & Fryxell 1995 , Suzuki et al. 1997 . The shift in abundance and distribution between El Niño and nonEl Niño periods can be quite important , Blanchot & Rodier 1996 , Higgins & Mackey 2000 . While Chavez et al. (1990) reported dominance in the surface layer by Syn, other authors have reported dominance of the surface layer by Pro (Blanchot & Rodier 1996 , André et al. 1999 , Blanchot et al. 2001 or by eukaryotes (Le , Claustre et al. 1999 . Generally, the surface phytoplankton assemblage in this HNLC region is a diverse community of prokaryotic and eukaryotic algae.
In our survey, Hapto4 and prasinophytes together accounted for about 45% of the total chl a biomass in the surface zone, with Syn contributing only about 10%, consistent with the results of other surveys in the region , Mackey et al. 1998 , Moon-van der Staay et al. 2000 , Blanchot et al. 2001 ). Numbers of pico-eukaryotes increased from <1000 cells ml -1 in the SPG to > 8000 cells ml -1 in the EZ, and Syn cell numbers also increased from < 3000 to > 9000 cells ml -1 . Below the surface mixed layer and the euphotic zone, pigment concentrations and cell numbers decreased markedly. As in the SPG, a low-light-adapted ecotype of Pro occurred in this deep-water layer (Blanchot et al. 2001) . The relative contribution of Pro was, however, lower than in the surface layer (< 30% of the total chl; Table 5 ), while Hapto4 contained > 40% of the total chl and Syn accounted for another 10 to 20%. This observation that pico-eukaryotes dominated the phytoplankton assemblage biomass in deep water was consistent with previous reports (Satoh et al. 1992 , Blanchot & Rodier 1996 , Claustre et al. 1999 , Blanchot et al. 2001 , however, the greater importance of Syn at depth contradicted these reports.
CHEMTAX
The analysis of HPLC pigments by CHEMTAX is an innovative method for determining the composition of a mixed phytoplankton assemblage. Previous attempts have relied on equations using only a few diagnostic pigments to determine the relative abundance of a limited number of phytoplankton groups (Letelier et al. 1993 , Tester et al. 1995 . While suitable for a limited number of samples collected from a fairly uniform environment, these earlier analyses were unable to account for changes in pigment ratios that may occur due to environmental changes (e.g. light levels) or major shifts in the phyto-plankton assemblage between ecosystems. Because CHEMTAX calculates a single final pigment ratio matrix for the entire data set being analyzed, the analysis of a large set of samples must have the sample set broken up into discrete sets based on environmental parameters for separate analyses. Expecting variations in the pigment ratios within each algal group due to photoacclimation and taxonomic changes between ecosystems, we chose to divide our large sample set (270 samples) into 7 depth bins and 2 latitudinal sections for 14 separate analyses. There is no need, however, for the user to absolutely define the pigment-ratio matrix for each analysis beforehand. Instead, CHEM-TAX allows the user-defined initial pigment-ratio matrix to shift during the analysis based on a continual comparison of the pigment-ratio matrix to the data set. This allows the user some latitude in defining the initial pigment-ratio matrix. While it is best for the user to create the most accurate initial pigment-ratio matrix possible in order to calculate the phytoplankton assemblage composition, CHEMTAX is tolerant of random variations in the initial pigment ratio matrix as well as in the pigment-data matrix (Mackey et al. 1997) . Subtle variations in pigment ratios due to light, nutrient, or other environmental parameters have only a minor impact on the CHEMTAX biomass calculations (Schlüter et al. 2000) , and CHEMTAX analyses of pigment concentrations often have high correlations with microscopic enumeration (Lampert et al. 2000) . At very low pigment concentrations, where small inaccuracies in determining the pigment concentrations can result in significantly large changes in pigment ratios, CHEMTAX has problems distinguishing between algal groups with similar suites of pigments (e.g. Hapto3 and Hapto4). In our analyses this was especially apparent in samples collected from deep waters (>150 m) and from the surface waters of the SPG. This problem can be partially offset by more accurately defining the initial pigment-ratio matrix.
CONCLUSIONS
Our results documented the large-scale distributional patterns of phytoplankton biomass, assemblage composition, and productivity in the South Pacific Ocean. Differences in both algal abundance and productivity rates were not unexpected, given the wide range in environmental factors that control and influence both. Such environmental variables also are expected to change over time, and the associated biogeochemical processes will undoubtedly be altered. Knowledge of the broad basin-wide pattern of phytoplankton distribution is a first step in the assessment of these long-term trends.
